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programmer 



(57) A pacemaker progrannmer for 
operation by a patient provided with a 
pacemaker can be p re-set by the 
pliysician to allow the patient to set his 
pacemaker in any one of a limited 
number of states, the states 
controllable by the patient being a 
sub-set of the set controllable by the 
physician with use of his 
conventional-type programmer. In the 
illustrative embodiment, while the 
physician-operated programmer (not 
shown) can control eight different rates, 
the patient-operated programmer 79 
can set only three of these ("exercise", 
"awake" and "sleep" values), the 
particular values being pre-selected by 
the physician by means of normally 
concealed switches, RS1-RS3. 
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SPECIFICATION 

Patient-operated pacemak r programmer 

5 This invention relates to pacemaker programmers, 
and more particularly to a pacemaker prog rammer 
whicti can be operated by a patient 

Atypical present-day programmable cardiac 
pacemaker can be programmed by a pliysician to 

10 assume any one of a number of states. Toward this 
end, the physician utilizes a pacemaker programmer 
which transmits electromagnetic energy in the form 
of coded pulses through the patient's body, 
pacemaker detecting circuitry responding to these 

1 5 pulses and setting the pacemaker state in accor- 
dance with the transmitted code. Several different 
functions usually can be controlled. 

For example, a typical pacemaker marketed by the 
present applicants can be programmed to pace at 

20 any one of eight different rates {60, 65, 70, 75, 80, 85, 
90, 1 00 and 110 pulses per minute). The pacemaker 
can also be set to generate pulses at either a high 
low level (5.2 to 2.6 volts). Lastly, the pacemaker can 
be set to operate in any one of three modes. In the 

25 ventricular-inhibited mode (also known as 

"demand" operation), a pacemaker pulse is gener- 
ated only when the heart fails to beat spontaneously 
within a predetermined time interval subsequent to 
the last beat. In the synchronous rnode, the 

30 pacemaker operates in the same way to generate a 
stimulating pulse whenever the heart falls to beat, 
but a pulse is also generated whenever the heart 
does beat spontaneously, the pacemaker pulse thus 
"reinforcing" the spontaneous beat In the async- 

35 hronous mode, the pacemaker beats at a fixed rate 
independent of spontaneous heart activity. 

With eight possible rates, two possible pulse 
levels and three possible modes, it is apparent that 
theoretically the pacemaker can be operated in any 

40 one of forty-eight different states. The physician 
programmer is capable of controlling any one of 
these states. (As will become apparent below, some 
combinations of mode and rate are not allowed, so 
there are actually fewer than forty-eight states.) Over 

45 extended periods of time, it may be necessary forthe 
physician to change the value of one, two or even all 
three of the rate, mode and level parameters which 
characterize pacemaker operation. (As used herein, 
even mode is considered a pacemaker ''parameter" 

50 and the mode setting is considered a "value".) 

But is may be desirable forthe patient to have his 
pacemaker state changed more often. For example, 
the physician might feel that different rates are 
advisable when the patient is sleeping and when he 

55 is awake. Even when he is awake, rt might be prefer- 
red to have two different rates depending upon 
whether the patient is exercising or not It is not feas- 
ible, of course, t have the patient visit his doctor 
several tim saday inorderto hav the state of his 

60 pacemaker changed. 

It is just as impractical, and probably dang rous, 
t provide the patient with a programmer of the type 
used by the physician. Present-day programmers are 
too complex f r patient use, and th y require the 

65 excerise of clinical judgment Moreover, if the 



patients tsth programmer errone usiy, the mis- 
take could b fatal. 

It is a general object of our invention to provide a 
pacemaker programmer which can be operat d by a 

70 patient to control his pacemaker to meet varying 
requirements, but without requiring the patient to 
make clinical decisions or allowing him to make crit- 
ical mistakes. 
In accordance with one aspect of the present 

75 invention, there is provided a pacemaker program- 
mer intended for use by a patient provided with a 
pacemaker, the pacemaker having a plurality of 
states characteristic of its operation and being 
changeable to any of said plurality of states by an 

80 external programming source, said programmer 
comprising means for transmitting signals to said 
pacemaker to control a change of state, manually 
adjustable means normally underthe control of the 
patient for selecting a pacemaker state from a group 

85 consisting of less than all of said plurality of states 
and controlling the transmission of a corresponding 
signal; and means normally underthe control of a 
physician for pre-selecting those states in said group 
whereby a physician can pre-select those states from 

90 said plurality of states which are included in the 
group selectable by the patient 

The patient is accordingly given a programmer 
which can control state selection from only a limited 
number of states; these states comprise a sub-set of 

95 the set under control of the physician. The patient 
programmer may be designed to change the values 
of less than all of the parameters under control of the 
physician. For example, in the illustrative example of 
the invention, the patient programmer cannot con- 
100 trol a change in the mode of operation or the pulse 
level; only the pacemaker rate can be changed. 
Furthemiore ratherthan to allow the patient to select 
from all of the values associated with a parameter 
under his control, he may be limited to only a subset 
105 of them. In the illustrative embodiment of the inven- 
tion, the patient programmer can select from only 
three of the eight rate values under control of the 
physician. 

Whether the patient programmer is limited in the 

110 numberof parameters which can be changed, orthe 
numberof values associated with any particular 
parameter, or both, the net result is the same - the 
patient can control his pacemaker to change to a 
state selected from only a sub-set of the set of states 

115 under control of the physician. (While present-day 
programmable pacemakers and programmers oper- 
ate with discrete parameter values, the principles of 
our invention are equally applicable to systems in 
which parameter values can be adjusted over con- 

120 tinuous ranges.) 

In accordance with another aspect of the present 
invention, there is provided a programming system 
for a pacemaker, which includes a patient-operated 
pace maker prog ram me r as abov -stat danda 

125 physician-operated programm r capable f control- 
ling a change of state of the pacemaker to any ne f 
the plurality f states. 

Hence, to a conventional "set" of a pacemak r and 
a physician programmer, we add a patient prog- 

130 rammerwhlchischaracteriz d by beingcapabi of 



2 



GB2 069 844 A 



2 



c ntr King a plurality of states which is a sub-set of 
those which characterize th pacemak rand the 
physician programmer. 
Th re arise tw practical cons id rati nsinimple- 

5 menting such a system. The first pertains to the 
number of patient-operated programmers which 
might have to be made available. Consider a 
pacemaker which can assume any one of forty-eight 
possible states. Suppose that the patient program- 

1 0 mer is to control changes among only three states. 
Since there are 17,296 different combinations of 
three states from a total of forty-eight rt is apparent 
that for maximum flexibility (while at the same time 
limiting patient state selection), an inordinate 

1 5 number of patient programmers would have to be 
kept in stock. Even if it is assumed that only the rate 
parameter will be under control of the patient that 
is, he will be allowed to select from only three of the 
eight possible rates under control of the physician, 

20 since any given patient may require a different sub- 
set of three rates, there is still a substantial number 
of different patient programmers to be stocked. 
There are 56 different combinations of three rates 
from a total of eight and it is just not practical to 

25 stock so many different types of patient program- 
mers. 

The other practical consideration is that most 
patients just cannot be relied upon to select correct 
values of mode, rate and pulse level depending upon 

30 momentary requirements, even if the choice is 
limited. For example, if the patient programmer can 
select from only three rates, e.g. 65, 75 and 90 pulses 
per minute, it would be dangerous to expect the 
patient to rememberthat it is the highest rate which 

35 should be selected for exercise. In a moment of con- 
fusion, prior to exercise the patient might actually 
select the slowest pacing rate. 

In the illustrative embodiment of our invention, in 
which the patient programmer cannot control a 

40 change in pulse level or mode, and can permit a 
selection from among only three of eight possible 
rates, there is no need to stock 56 different patient 
programmers. Only one is required. The unit 
includes switches which can be set by the physician 

45 to select the three rates which will be under patient 
control. These switches are internal to the unit and a 
cover plate must be unscrewed in order to obtain 
access to them. There is thus little danger that the 
patient will control any pacing rate otherthan the 

50 three pre-selected by the physician (unless he delib- 
erately unscrews the cover plate and changes the 
switch setting, against orders). 

This Is not to say that the manufacturer should 
never provide p re-wired patient programmers. In 

55 those cases where a particular sub-set of states is to 
be pre-selected for a large number of patients, it may 
be desirable to provide a "fixed" patient program- 
mer, with a "physician programmable" patient prog- 
ramm r being provided for them re unusual cases. 

60 Th patient programmer includes a slide switch 
which allows th patient to select one fth three 
rates pre-selected by the physician. But th actual 
rate values are not labeled n the unit Instead, the 
labels associated with th slide switch represent 

65 day-to-day physiol gical requirements. In lieu of 



labeling the three positions of th switch 65, 75 and 
90 pulses per minute (or ony oth r values pre- 
selected by the physician), the indicia may be 
"sleep" "awake" and "exercise" This has two main 

70 advantages. First there is no need to provide differ- 
ent numerical indicia depending upon the three rate 
values pre-selected by the physician. Second, and 
more important, while the patient may get confused 
as to which rate applies to which function, he cer- 

75 tainly cannot be confused by the three words; he 
knows whether he is going to sleep, whether he has 
just awakened, or whether he is about to begin exer- 
cising. 

In other respects, the patient programmer is simi- 
80 lar to the conventional physician programmer, 
although some options may be omitted (e.g., physi- 
cian programmers can often actually monitor the 
pacemaker rate, but this feature is not included in the 
patient programmer of the illustrative embodiment 
85 of the invention.) The patient programmer operates 
in the same range as the physician programmer, up 
to 30 mm from the pacemaker. It is powered by re- 
chargeable batteries, and code transmission is inhi- 
bited if the battery charge is depleted. Auditory and 
90 visual signals are provided to indicate whether code 
transmission has taken place. 

Further objects, features and advantages of our 
invention will become apparent upon consideration 
of the following detailed description in conjunction 
95 with the drawing, in which : 

FIG. 1 depicts the overall configuration of a typical 
prior art physician programmer; 

FIG. 2 depicts the type of control panel to be found 
on a prior art physician programmer (similar to but 
100 not exactly that of the Telectronics 173 Program- 
mer); 

FIG. 3 depicts schematically a prior art programm- 
able pacemaker, such as those marketed by Tele- 
ctronics Proprietary Ltd.; 
105 FIG. 4 is a chart which will be helpful in under 
standing the coding scheme used in the illustrative 
embodiment of the invention; 

FIGS. 5-7 depict several views of the patient- 
operated pacemaker programmer of the illustrative 
110 embodiment of our invention; 

FIG. 8 is a cross-sectional view through the coil 
included in the patient programmer of FIGS. 5 - 7; 

FIGS. 9-11: are a schematic of the circuit of the 
patient programmer, with FIG. 12 illustrating the 
115 arrangemetttofthe three figures; and 

FIG. 13 depicts an alternative form of switch which 
can be used in the patient programmerto allow the 
physician to pre-select parameter values. 
A conventional physician programmer is shown in 
120 FIG. 1 . The actual circuitry of the physician prog- 
rammer need not be understood for an understand- 
ing of the present invention. Rather, it is only neces- 
sary to understand what it is that the physician prog- 
ramm rc ntro Is. Physician pr g rammers perse are 
125 well known in the art. 

When used, th physician holds the programmer 
withprotrusi n35,th c il pod, on the patient's 
chest over the pacemak r. When a button (not 
shown on either FIGS. 1 r 2) is pressed, a series f 
130 current pulses flow through the coil and generate a 



3 



GB2069 844A 



3 



pulsating electromagnetic fi Id. This field pulses a 
r lay in the pacemaker, to be described below. On 
FIG. 1 ther can also be seen a jack for connecting a 
charging circuit, in order to re-charge the internal 

5 batteries. 

FIG. 2 depicts the face of the physician program- 
mer. Rate switch 26 is an eight-position switch which 
is set by the physician to select one of the eight label- 
led rates. Another switch 24 is used to select both the 

1 0 mode of operation desired of the pacemaker and the 
pulse level. Label 22 indicates two possible modes, 
synchronous and asynchronous, and two possible 
pulse levels for each, the label thus identifying four 
of the eight positions of switch 24. Label 20 repres- 

1 5 ents the third mode of operation, as well as the two 
pulse levels. (Two switch positions are provided for 
each of the high and low levels in the ventricular- 
inhibited mode simply because an eight-position 
switch may be used and there are only sbc combina- 

20 tions of mode/level values.) 

When a program button (not shown) is depressed, 
the appropriate code transmission takes place, as 
Will be described below. An audio tone is also heard 
in order that the physician be made aware that the 

25 programmer has operated. Indicator 14, labeled 
"Invalid", flashes whenever the program button is 
depressed in order to further inform the physician 
that the unit has operated. There are certain invalid 
combinations of parameters, namely, synchronous 

30 mode together with one of the three highest rates. 
(There are thus fewer than the 48 possible states 
discussed above.) In the event an invalid combina- 
tion has been selected, indicator 14 does not flash 
and instead it remains illuminated to indicate that 

35 programming has not taken place, indicator 12, 
labeled "Charge", is illuminated whenever the prog- 
rammer is being charged, it flashes whenever re- 
charging is necessary. 
The physician programmer can also be operated 

40 in a monitor mode by depressing a monitor button 
(not shown). If the coil pod is positioned near the 
electrode path, the stimulation rate, in pulses per 
minute, appears in window 16. Indicator 18 flashes 
whenever a pacemaker pulse is detected. 

45 With two eight-position switches being provided, 
it is apparent that 64 different codes are possible. But 
because there are in actuality only six different mod- 
e/level combinations which can be set by switch 24, 
one-quarter of the 64 codes are interpreted by the 

50 pacemaker circuitry as representing the same 
respective states represented by another one- 
quarter of the codes; that is, although there are 64 
codes, there are 1 6 pairs which represent the same 
respective states. The pacemaker circuitry must be 

55 capable, of course, of interpreting all 64 codes 
[except the invalid ones which are not transmitted). 
The actual transmission consists of eight "pream- 
ble" pulses, followed by anywhere from 0 to 63 addi- 
ti nal pulses, th exact number of the additional 

60 pulses representing the code selected by the physi- 
cian. The coding scheme will be described in detail 
below. 

FIG. 3 is a block diagram which depicts a typical 
pr grammable pacemaker. The basic timing circuit 
65 compris soscillator42,capacitor48 and the four 



resistors 56. The programming circuit 52 is provided 
with three leads for selectively switching resistors 56 
in and out fthe circuit in order t c ntroltherat of 
the oscillator, that is, in order to establish up to eight 

70 different discrete pacing rates. The output of the 
oscillator is extended to voltage doubler 44 whose 
operation is controlled by output 54 of the prog- 
ramming circuit Depending on the state of this con- 
ductor, the voltage doubler applies either a 5.2- volt 

75 or a 2.6-volt pulse through capacitor 46 to electrode 
32. 

When the heart beats, the electrical signal on elec- 
trode 32 is extended over conductor 34 to the input 
of amplifier 36. As long as the system is operated in 
80 either the demand or the synchronous mode, con- 
ductor 50 is high in potential so that amplifier 36 and 
comparator 38 are enabled. The heartbeat signal is 
amplified and compared to a threshold level by 
comparator 38. The output of the comparator goes 
85 high whenever a heartbeat is detected, interference 
detection circuit 40 simply blocks non-physiological 
signals which occur at high rates, as is known in the 
art, thus permitting oscillator 42 to run continuously. 
The oscillator operates either in the demand mode 
90 or the synchronous mode (either to prevent the gen- 
eration of a stimulating pulse when a heartbeat Is 
detected, or to reinforce it) depending upon the state 
of conductor 60 as determined by the programming 
circuit. Conductor 50 is low in potential when the 
95 pacemaker operates in the asynchronous mode, 
thereby inhibiting amplifier 36 and comparator 38 so 
that oscillator is free running. 

The electromagnetic pulses from a programmer 
operate reed switch 58. The switch pulses are 

100 extended to the programming circuit which, if a valid 
sequence is detected, changes the state of the 
pacemaker accordingly. The reed switch is also 
extended to the interference detection circuit in 
order to disable heartbeat sensing when the 

1 05 pacemaker is being programmed. 

The programming circuit 52 verifies the code 
transmission and determines the state in which the 
pacemaker should be set. if at least eight (preamble) 
pulses are not detected, the programming circuit 

110 takes no action and ignores the transmission. Simi- 
larly, if more than the maximum number of 71 
pulses (the eight preamble pulses plus the max- 
imum number of 63 code pulses) are detected, the 
sequence is similarly aborted. Furthermore, such 

115 pulse must arrive between 2.5 milliseconds and 3.5 
milliseconds after the previous pulse (the nominal 
pulse interval is 3 milliseconds), or else th e trans- 
mission is assumed to be in error. Rnally, after the 
last pulse within the proper ± 0.5-milIisecond win- 

120 dow is detected, no additional pulses should be 

detected for 8 milliseconds. Only then does the prog- 
ramming circuit assum that the number of pulses 
received, less 8, represents a valid stat code. The 
internal circuitry for acc mplishing these ch cks 

125 need not be understood because the patient- 
op rated programmer of our invention is designed 
to work with conventional pacemakers. But it is 
necessary to consider th f rm of the codes which 
th pacemaker xpects to receiv from the 

130 physician-operat d programmer since th same 
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codes must be transmitted by the patient-operated 
programmer. 

Forgetting forth© moment the eight preamble 
pulses, FIG. 4 depicts the manner in which a binary 
5 code is established for controlling the transmission 
of anywhere from Oto 63 pulses depending upon the 
setting of switches 24 and 26 on the physician prog- 
rammer of FIG. 2. There are sh: binary positions with 
the most significant position being position A. The 
1 0 three least significant bits represent one of eight 
pulse rates (As mentioned above, three of these 
rates should not be used with the synchronous 
mode.) The three most significant bits represent 
mode/level combinations, it will be noted that two of 
15 the eight possible codes represent a high pulse level 
in the ventricular-inhibited mode, and another two of 
the codes represent a low pulse level in the 
ventriculsr-inhibited mode. Thus there are really 
only si;: mode/level combinations, although there 
20 are eight different codes for representing them. 

As a single e::ample, consider the transmission of 
51 pulses following the 8-pulse preamble. The deci- 
mal number 51 is represented by the binary number 
1 1 001 1 . Referring to FIG. 4, if 59 (8 + 51 ) pulses are 
25 transmitted that pacemalcer will begin to operate in 
the synchronous mode with a high pulse level (110) 
and at s rate of 70 beats per minute (01 1 ). 

While the si::-bit code of FIG. 4 represents num- 
bers in the range 0-63, it is always necessary to 
30 transmit eight preamble pulses. If a binary number is 
used to represent the total number of pulses to be 
transmitted (anywhere from 8 to 71 ), seven bits are 
required to represent the number. In the illustrative 
embodiment of the invention, as will be described in 
35 detail below, three rate bits are used to set up the 
three least significant bits of a 7-bit binary number 
which represents the total number of pulses to be 
transmitted. Gut instead of using three bits to rep- 
resent the eight mode/lave! combinations having 
40 binary codes 000 through 111, four bits are used for 
representing BCD codes (0000 through 1000) which 
correspond to the decimal digits 1-8. Because the 
mode/level code has its least significant bit in the 
fourth bit position of the overall code (which has a 
45 binary weight of 2^ or 8), the incrementing by unity 
f each mode/level code (from the range 000-1 1 1 to 
the range 0000-1000) actually results in an increase 
f 8 in the overall binary value. 
Thus in order to represent the binary value of the 
50 total number of pulses to be transmitted, three rate 
bits may be used to set the three least significant bits 
of a seven-bit binary number, and four mode/level 
bits (representing BCD digits 1-S) may be used to set 
the four most significant bits of the seven-bit binary 
55 number. When the programming circuit in the 
pacemaker then ignores the first eight pulses which 
are received insofar as the transmitted code is con- 
cerned (alth ugh these pulses are used for verifica- 
tion purposes), the resulting number of received 
60 pulses will represent three parameter values as 
depicted n FIG. 4. 

Referring to the schematic of the illustrative 
embodiment of the invention depicted in FIGS. 9-11, 
it is chip IC6 which is used to represent th 7-bit 
65 binary value. This chip is a 40103 8-stage pre- 



settable synchronous down counter. T he co unter is 
pre-set with an 8-bit number when the APE pin 9 is 
pulsed low. The eight bits which are pre-set are rep- 
resented at pins 4-7 and 10-13. Pin 13 is tied to 
70 ground so that the most significant bit is always set 
Co 0, since the majcimum binary value to be pre-set 
corresponds to the number 71 . The mode/level bits 
are applied to pins 7 and 10-12. As described above, 
the four mode/level bits represent the BCD digits 1-8 
75 for the respective binary codas 000 through 111 
shown on FIGS. 4, to insure that eight preamble 
pulr.3s are always transmitted in addition to the 
nurr^ber of code pulses actually required. 
As clod: pulses are applied to pin 1, the count is 
30 decremented. When the count has been 

decremented down to 0, a positive puise is gener- 
ated at pin 14. As will be described, the CO pulse 
causes pulsing of the coil to cease, and thus it is 
apparent that tiie number of code pulses generated 
85 depends upon the three rate bits and the four mod- 
e/level bits pre-set into the counter. 

On FIG. 10 there are four BCD switches (PTiicro-Dip 
2300 Series) which are pre-set by the physician. 
Switch RSI is set to one of the values 0-7 to repres- 
90 ent the "sleep" pulse rate desired by the physician. A 
positive potential applied to the C input of the switch 
results in positive potentials on appropriate ones of 
the "1", "2" and "4" outputs, the remaining outputs 
being grounded through their respective pull-up 
95 resistors. The binary value thus represented corres- 
ponds to the decimal value selected by the physi- 
cian. (There is no connection to the "S" output since 
it is not required; only three bits are required to rep- 
resent the digits 0-7.) 
100 In a similar manner, switch RS2 is used by the 
physician to set the "awake" pulse rate, and switch 
RS3 is used to set the "exercise" pulse rate. Switch 
EVIS is used by the physician to set the mode and 
level parameter values. The physician must select 
105 one of the digits 1-8 (corresponding to the codes 
000-1 1 1 on FIG. 4). But in this case all four outputs of 
the switch are required since the BCD digit 8 is rep- 
resented by the binary code 1000. 
The four physician-settable switches are not 
1 10 accessible to the patient (unless he deliberately 
unscrews the plate which covers them). The only 
switch which is operated by the patient is the user 
select switch USS. If the patient selects position 1 
(labeled "sleep" on the housing of the programmer), 
115 theBCDcodeof switch RSI is leaded into the three 
least significant bit positions of counter IC6. Simi- 
larly, if he selects position 2 or 3 (the "awalie" and 
"ex'ercise" positions), the respective digits rep- 
resented by switch RS2 and RS3 are loaded into the 
120 three least significant bit positions of counter IC6. 
Thus the patient cannot select from among all eight 
possible rates to which the pacemaker can be set. 
The patient's selection is limited to three rates pre- 
selected by the physician. (The patient need not even 
1 25 know what th rate values are since his selection is 
based upon his activity.) 

As for the mode and level parameters, in the illus- 
trative embodiment of the invention they are not 
under control of th patient at all. His switch USS has 
130 no control overthe loading of the four m stsignific- 
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ant bits of the 7-bit binary value pre-set in chip IC6 
since the outputs of switch MS are coupled dir ctly 
tor spective pins on chip IC6.Alth ughapati nt 
programmer can be designed to allow the patient to 

5 select mode and level parameter values from a sub- 
set selected by the physician (certainly, in the case of 
the level parameter, the patient's sub-set of values 
would be congruent with the physician's set of val- 
ues since there are only two values), that is not the 

10 case in the illustrative embodiment of the invention. 
It should be noted, however, that it is still necessary 
to transmit a code which represents not only the 
value of the parameter under control of the patient, 
but the values of all parameters. The pacemaker 

1 5 responds to the total number of pulses, and this total 
number represents values for all three parameters; 
even if only one parameter value is to be changed, a 
complete code must be transmitted. It is for this 
reason that mode switch MS is included in the cir- 

20 cuit. 

Chips ICS and IC9 control which of the three rate 
codes is loaded into the three least significant posi- 
tions of counter IC6. Each of chips ICS and ICS is a 
4519 Quad 2-channel data selector. Pins 2, 4, 6 and 

25 15 comprise one input channel, and pins 1 , 3, 5 and 7 
comprise the other. Pins 1 and 15 are grounded on 
each chip since each code input consists of only 
three bits. The outputs of switches RSI and RS2 are 
connected to respective ones of the two sets of 

30 inputs on chip ICS. The four input bits of the chip 
appear at pins 10-13, but no connection is made to 
pin 13 since each of the inputs consists of only three 
bits. Which of the two sets of inputs are extended to 
the outputs are determined by the states of pins 9 

35 and 14. 

If switch USS is at position 3, both of pins 9 and 14 
on chip ICS remain grounded through their respec- 
tive pull-up resistors. Neither set of inputs is selected 
and pins 10, 1 1 and 12 are all low. The states of these 

40 pins is of no moment, however. They are connected 
to pins 2, 4 and 6 of selector ICS. But with switch USS 
connected to position 3, a high potential is applied to 
pin 14 of chip IC9 and, through NOR (inverter) gate 
IC10-1 , a low potential is applied to pin 9. With a high 

45 potential at pin 14 and a low potential at pin 9, the 
signals at pins 3, 5 and 7 of chip ICS are extended to 
output pins 10, 1 1 and 12. Since pins 3, 5 and 7 are 
connected to the outputs of "exercise" switch RS3, it 
is apparent that the "exercise" rate code bits are 

50 extended to pins 4, 5 and 6 of couriter IC6. 

On the other hand, if switch USS is set by the 
patient to either the "sleep" or the "awake" position, 
pin 14 on chip IC9 is grounded through its pull-up 
resistor, and NOR gate IC10-1 causes pin 9to go 

55 high. In such a case, the bit values at pins 2, 4 and 6 
of chip IC9 are extended to the output pins 10, 11 and 
1 2 for I ading into the counter. Thus it is the bit out- 
puts from chip ICS which ar xtendedthr ugh chip 
1C9 1 be loaded int the counter when switch USS is 

60 placed in position 1 or 2. 

If it is placed in positi n 1, a positive pot ntial is 
extended through th switch to pin 9 of chip ICS, and 
pin 14 remains grounded through its pull-up resistor. 
In such a case, the code bits from switch RSI are 

65 loaded into the counter. On th other hand, if switch 



USS is placed in position 2, a positive potential is 
applied to pin 14 of chip ICS, and pin S remains 
grounded through its pull-up resistor. In such a case, 
it is the code bits at the output of switch RS2 which 
70 are loaded into the three rate bit positions of counter 
IC6. 

Referring to FIG. 9, after the patient selects the 
"sleep", "awake" or "exercise" function, he oper- 
ates switch SI. Gates IC1-1 and IC1-2 comprise a 
75 latch, and operation of switch SI causes the output 
of gate ICl-1 to go low and the output of gate IC1-2 to 
go high. It is the high potential at the output of gate 
IC1 -2 which allows counter IC6 to be set in the first 
place (along with the n egat ive pulse from gate IC3-4 
SO which is applied to the APE pin 9 of the chip), since it 
is this potential which is extended to the C input of 
each of the four switches RS1-RS3 and MS. The high 
potential is also extended to an input of gate IC2-1. 
This gate, together with inverter IC3-1 and crystal Y1, 
S5 comprise an oscillator. After inversion by chip IC3-2, 
clock pulses are applied to the clock input of chip ICS. 
This chip is also a 401 03 pre-settable synchronous 
down counter. Its eight inputs are tied respectively to 
ground and battery potentials as shown, for loading 
90 of a count of 49 into the counter. Resistor R1 and 
capacitor C1 comprise a diffentiator, and inverters 
iC3-3 and IC3-4 derive positive and negative pulses 
respectively as shown in the drawing. The negative 
puls e at the output of inverter IC3-4 is applied to the 
95 APE pin 9 of chip IC5 to load the counter to a value of 
49. Because the CO output pin 14 is tied to the SFf 
input pin 15 of chip iC5, whenever the count is 
counted down to 0, it is preset once again with a 
count of 49. (This is to be distinguished from the 

100 configuration of chip IC6 whose count is not pre-set 
once again after it is coun ted d own to 0 since the CO 
pin is not tied back to the SPE pin.) Crystal Y1 con- 
trots the oscillator to oscillate at a rate of 32,768 kHz. 
Because chip ICS functions as a divide-by-49 

105 counter, pulses are applied to the clock input of flip- 
flop 1C4-2 at a 668-Hz rate. The flip-flop is arranged 
as a divide-by-2 counter because its S2 output is fed 
back to its D input. Thus clock pulses are applied at 
the 02 output of the flip-flop at a 334-H2 rate. This is 

110 the basic clock signal which drives down counter ICS 
as well as additional circuitry to be described. 

Chip IC7 is a 4017 decade counter/divider. It is ini- 
tially reset (at pin 1 5) by the positive start pulse at the 
output of gate IC3-3. This same pulse resets flip-flop 

115 IC4-2 whose 02 output goes low, and sets flip-flop 
IC4-1 whose Q1 output goes high. With the Q1 out- 
put of flip-flop IC4-1 high, one input of gate 1C2-2 is 
enabled. Each time that the 02 output of flip-flop 
IC4-2 goes high, the output of gate 1C2-2 goes low. It 

120 is the negative pulses at the output of this gate that 
actually control drive of the coil, as will be described 
below, and decrementing of the count in chip tC6. 

Pins 6 and 9 of chip 1C7 are initially low in poten- 
tial. Pin 6 goes high when th leading edge of the 

1 25 seventh positiv pulse is applied to clock pin 1 4. It 
go s low when the leading edge of the ighth posi- 
tive pulse is applied to the clock input at which tim 
pin 9 goes high. Since initially pin 9 is tow in poten- 
tial, it has no effect on NOR gate IC1-3. But ach time 

130 that the output fgat IC2-2g es high, the output of 
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gate ICI13 go s low, and gate IC10-3, which func- 
ti ns as an inverter, clocks chip IC7. It is thus appar- 
ent that as the trailing edge of the seventh negativ 
puis at the output of gate IC2-2, pin 6 of chip IC7 
5 goes high. This pin is connected to the clock input of 
flip-flop IC4-1. Provided that the D input of the flip- 
flop is high, the Q1 output reniains high so that the 
next clock pulse can be transmitted through gate 
IC2-2. (As will be described below, the pulse at pi'n 6 
10 of chip IC7 is used to switch flip-flop IC4-1 to the 0 
state with the Ql output going low so as to inhibit 
the further transmission of pulses, in the event the 
battery potential Is too low by the time the seventh 
pulse has been transmitted - in which case the 
15 pacemaker ignores the seven pulses generated, 
assuming that they were received, since the prog- 
rammer reliability is in doubt.) After the eighth posi- 
tive step is applied to pin 14 of chip IC7, output pin 9 
goes high. A positive potential is now extended 
20 through gates IC1-3 and IC10-3tothepin 14 clock 
input of chip IC7. With a positive potential remaining 
on this pin, it no longer cycles and pin 9 remains 
high. Although clock pulses may still be generated 
by chip IC2-2 (unless the required code calls for no 
25 pulses after the preamble), they are used only to 
control the continuation of pulse transmission. 

Gates IC2-3, IC3-6, IC1-4 and IC3-5 comprise a 
monostable multivibrator with a period of twenty 
seconds. The multivibrator is triggered by the initial 
30 negative pulse at the output of inverter IC3-4. One 
input of gate IC1-4 is connected to pin 9 of chip IC7, 
and initially this pin is low in potential. Conse- 
quently, when the output of inverter IC3-6 goes low 
with the generation of a negative pulse at the output 
35 of inverter IC3-4, the output of gate IC1-4 goes high, 
transistor T4 conducts and light-emitting diode LED1 
is turned on. If the battery potential is high enough 
for reliable operation to be assumed, after the eighth 
pulse has been transmitted pin 9 of chip IC7 goes 
40 high and remains high. The high potential now 
extended through gate IC 1-4 causes its output to 
remain low and consequently transistor T4 turns off. 
Thus if the battery potential is high enough, light- 
emitting diode LED1 stays on only for the duration of 
45 eight pulses, each of which takes about 3 mil- 
liseconds. The short flash is an indication to the 
patient that his programmer has operated. On the 
other hand, if the battery potential is too low, when 
pin 6 of chip IC7 goes high after the seventh pulse 
50 has been transmitted, the D input of flip-flop IC4-1 is 
low, as will be described below. When the 01 output 
of the flip-flop goes low, no further pulses are 
transmitted through gate IC2-2, and pin 9 of chip IC7 
is not clocked high. Consequently, the multivibrator 
55 is allowed to complete its time-on, and the 20- 

second turn-out of the light emitting diode is an indi- 
cation to the patient that his pacemaker has not been 
programmed and that the battery requires re- 
charging. 

60 Th puis s appearing at the utput of gate IC2-2 
are applied to the clock input of chip IC6. Pulse 
transmission must cease after the number of pulses 
transmitted equals the count initially pre-set in chip 
IC6. After the counter has been decremented down 

65 too, a puis appears on th COoutput pin 14of chip 



IC6. The leading dg of the positive pulse has n 
effect on gate IC2-4 since both of its inputs ar con- 
nected to battery potential. How v r, du to the pro- 
vision of differentiator R3-C3, the trailing edge of the 
70 pulse causes a low potential to be applied to one 
input of gate IC2-4. (The gate must not be operated 
until the end of the last pulse which is transmitted, 
and consequently the diffentiator is provided to 
ensure that it is the trailing edge of the last pulse 
75 which turns everything off.) The output of gate IC2-4 
goes high and since it is extended to the reset input 
of flip-flop IC4-1, the Ql output of the flip-flop goes 
low. No further pulses are transmitted through gate 
IC2-2 so pulse transmission ceases. The same reset 
80 pulse is also applied to the latch which comprises 
gates 1C1-1 and IC1-2, so that it is restored to its 
normal condition with the output of gate IC1-2 low; 
this turns off the oscillator and restores the circuit to 
its quiescent condition. 
85 The same positive pulse at the output of gate IC2-4 
triggers the 200-miIlisecond multivibrator which 
comprises chip IC12-1 and IC12-2, The negative 
pulse at the output of gate IC12-1 turns on the 2-kHz 
oscillator which comprises chips IC12-3 and IC12-4. 
90 Thus for 200 milliseconds, the oscillator operates 
and causes beeper BP to beep. The momentary beep 
is a further indication to the patient that his prog- 
rammer has operated. 
The pulse train at the output of gate IC2-2, in addi- 
95 tion to decrementing the count is chip 1C6, is also 
extended to the Input of Darlington transistor T1 . 
Each negative pulse causes the transistor to conduct 
and to drive transistor T2. It is this transistor which 
actually pulses coil CL to control the transmission of 
100 pulses to the pacemaker. Diode D1 is provided in 
order to allow the current in the coil to dissipate 
between pulses when transistor T2 turns off. Zener 
diode Z1 insures that the energy completely dissi- 
pates during the approximately 1.5-millisecond off 
105 time of transistor T2. 

The battery for powering the programmer is 
shown by the numeral 41 on FIG. 1 1 . Chip IC14 is a 
current source arranged to provide a regulated vol- 
tage V+ for powering all of the logic elements. Chip 
110 IC1 1 is an ICL8212 chip arranged to detect if the bat- 
tery potential (which is nominally 7.2 volts) falls so 
low that the potential Vh- drops below 6.6 volts. (One 
of the two grounded resistors at pin 3 has a value 
which is selected by testing each unit, to insure that 
115 all units havethe same threshold.) Chip IC11 is 

enabled by a high potential at its pin 8, and it will be 
noted that this pin is connected to the output of chip 
IC1-2 which goes high when the patient first oper- 
ates the start switch. As long as potential VH- 
120 remains above 6.6 volts, pin 4 of chip IC11 remains 
low and the output of gate IC1 0-2 remains high. 
Since this output is connected to the D input of flip- 
flop IC4-1, It is apparent that after th seventh pulse 
has been transmitted, th Ql utput of th flip-flop 
125 will go low only if the battery potential is too low for 
reliabi op ration to be assumed. (Flip-flop IC4-1 is 
clocked only after the seventh puis has been trans- 
mitted in order to delay the battery test; while the 
battery potential may b high enough initially, if the 
1 30 battery requires re-charging its potential will usually 
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fall below 6.6 v Its. by the tim the s venth pulse has 
been transmitted.) 

It should also b noted that there is anoth r input 
to gate IC1 0-2 This input is derived from the output 

5 of gate IC1 3-1. It will be recalled that the nnode 

switch MS must be set by the physician in only one 
. of positions T-8. If ho erroneously selected position 
0, all four outputs of switch MS will be lovy and only 
In this case will the output of gate IC13-1 be high. 

1 0 This high potential is treated as if a low battery Indi- 
cation has been detected, to prevent transmission of 
an erroneous code. 

It will be recalled that the system is reset when 
chip IC6 generates a pulse at pin 14 after its count 

1 5 has been decremented down to 0. But if the batter/ 
potential is too low, gate IC2-2 turns off after tine 
seventh pulse has been transmitted, and clock 
pulses are no longer applied to pin 1 of chip 1C6. 
Thus a reset pulse cannot be generated in the usual 

20 way, and the latch remains in its set state with the 
output of chip IC1-1 low. Consequently, further 
operations of the start button SI by the patient have 
no effect on the system. The only way to reset the 
programmer so that it can be used again is to con- 

25 nect a charging circuittojack 33. The positive poten- 
tial applied to the base of transistor T3 causes the 
transistor to turn on and the output of gate IC2-4to 
go high. Although the latch resets, as long as the 
charger remains connected to the circuit, the prog- 

30 rammer cannot be operated because the output of 
gate 1C2-4 remains high and this output is connected 
to the reset input of flip-flop IC4-1 ; the Q1 output of 
the flip-flop remains low so that gate IC2-2 cannot be 
pulsed. Operation of start button SI does force the 

35 output of gate IC1-1 to go low for as Jong as the start 
button is depressed. (The high potential at the out- 
put of gate IC2-4 holds the output of gate IC1-2 low 
also.) The pulse at the output of gate IC1-1 triggers 
the 20-second multivibrator so that light-emitting 

40 diode LED1 remains on continuously for twenty sec- 
onds to inform the patient that programming has not 
taken place. 

the additional light-emitting diode LED2 is pro- 
vided simply to indicate that charging is taking place, 

45 the diode staying on for as long as a charging circuit 
is connected to jack 33. Diodes D2 and D3 are pro- 
vided to prevent any damage to chip IC14, transistor 
T3.and light-emitting diode LED1 in the event a 
reverse polarity charger is cbnnectied to jack 33. 

50 FIGS. 5 and 6 are perspective views of the 

patient-operated programmer, and FIG. 7 depicts the 
bottom of the device. On housing 79, plaistic sheet 77 
covers the coil which generates the pulses. At one 
end of the device, user select switch uiSS can be 

55 moved within cut-out 8, start switch SI cari be oper- 
ated, and light-emitting diode LED1 can be viewed. 

On then n-coilsid dfth pr granrim r, as shown 
in FIG. 7, there Is printed user inf rmation. Next to 
the start switch SI is the "press to program" Instruc- 

60 tion. Bef re switch SI is op rated, the patient mov s 
slide switch USS to one fth three indicated posi- 
tions - "sleep", "awake" and "exercise". Next to 
light-emitting di de LED1 areth two status indi- 
cat r codes. If th light stays on continuously, it is an 

65 indication that the batter/ potential is too low. But if 



the light flashes, it is an indication that the coil has 
been pulsed as required. 

FIG. 6 shows the charging jack 33 and the associ- 
ated light-emitting diode LED2. It al30 depicts how 

70 cover plate 83, which Is normally held by two screws 
85, can be rotated so as to gain access to the four 
switches MS, RSI, RS2 and RS3. Battery 41 is also 
disposed adjacent to plate 83 so that the battery may 
be changed easily, if that is necessary. As described 

75 above, the patient is instructed not to open cover 
plate 83; it is only the physician who is to have 
access to the fou r switches. 

FIG. 8 depicts the construction of the coil section of 
the programmer. The coil, depicted by the numeral 

80 71, comprises 100 turns wound around a 45-mm pot 
core 73. The core has a height of 1 0 mm. Ordinarily, 
two such facing cores are used together in trans- 
former construction, with the coil being partially 
contained in each core within the cut-out shown by 

85 the dashed lines. But in the illustrative embodiment 
of the invention, the coil is actually wound around 
the outside of the core. The entire assembly is 
mounted on a transformer steel plate 75, and the 
core and the coil are covered with plastic sheet 77, 

90 the sheet being part ofthe case which houses the 
patient-operated programmer circuitry. 

In the illustrative embodiment of the invention, 
four physician-operated switches are provided for 
maximum flexibility. However, instead of providing 

95 switches of this type, it is also possible to provide 
molded pre-wired plug-in elements for selecting 
mode/level and rate parameter values. FIG. 13 
depicts such a plug-in element. The unit includes six 
pins so that it can physically replace one ofthe 
100 switches. The pins are internally wired to provide the 
same BCD output code that would otherwise be 
obtained by having the physician rotate a switch to 
the desired position. Each plug-in element is actually 
labelled (70 beats per minute in the illustrated 
105 example) with a parametervalueto minimize the 
possibility of a mistake when selecting an element 
The physician must be furnished with a full set of 
pa remoter- value elements which may be inserted 
into the programmer instead ofthe unit coming with 
1 10 multi-value switches. But there is no risk ofthe 
patient tampering with switch settings. Preferably, 
the plug-in elements are polarized as shown in the 
drawing (i.e., non-symmetrical) so that there is no 
chance of inserting an element with an improper 
115 orientation. 

In the illustrative embodiment ofthe invention, the 
following elements are used for the indicated com- 
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it should b understood, however, that these are 
only illustrativ components. Moreover, instead of 
using discret logic, it is possible t utilize a custom 
LSI chip or a microprocessor f r controlling all logic 

5 functions. Nor is the invention limited to the particu- 
lar parameters or parameter values discussed 
above. For example, certain arrhythmias (e.g., mul- 
tifocal ventricular extrasystoles) are self-detectable, 
and a patient-operated programmer may be oper- 

"^0 able to set a rate which terminates an arrhythmia; 
the unit would include an "arrhythmia terminator" 
patient-operated switch position and a respective 
physician-settable rate switch. It is also possible to 
provide monitoring circuits in the patient program- 

1 5 mer so that following a programming operation, the 
patient might use his unit to check that his 
pacemaker has actually been programmed correctly. 
Thus it is to be understood that although the inven- 
tion has been described with reference to a partfcu- 

20 lar embodiment, this embodiment is merely illustra- 
tive of the application of the principles of the inven- 
tion. Numerous modifications may be made therein 
and other arrangements may be devised without 
departing from the scope of the invention. 

25 

CLAIMS 

1 . A pacemaker programmer intended for use by 
a patient provided with a pacemaker, the pacemaker 
having a plurality of states characteristic of its opera- 

30 tion and being changeable to any of said plurality of 
states by an external programming source, said 
programmer comprising means for transmitting 
signals to said pacemaker to control a change of 
state, manually adjustable means normally under 

35 the control of the patient for selecting a pacemaker 
state from a group consisting of less than all of said 
plurality of states and controlling the transmission of 
a corresponding signal; and means normally under 
the control of a physician for pre-selecting those 

40 states in said group whereby a physician can pre- 
select those states from said plurality of states which 
are included in the group selectable by the patient. 

2. A pacemaker programmer in accordance with 
claim 1 wherein all of said plurality of pacemaker 

45 states differ from each other by up to a number of 
parameters, one of which is pacemaker rate, and the 
states in said group differ from each other by up to 
only a lesser number of parameters. 

3. A pacemaker programmer in accordance with 
50 claim 2 wherein said lesser number of parameters 

includes only pacemaker rate. 

4. A pacemaker programmer in accordance with 
claim 1 , 2 or 3 wherein each of said plurality of 
pacemaker states is characterized by the value of at 

55 least one parameter, said at least one parameter hav- 
ing a predetermined numberof discrete values, and 
all pacemaker states in said group are characterized 
by said at I ast one paramet r having a numberof 
discrete values which is less than said redeter- 

60 mined number. 

5. A pacemaker programmer in accordance with 
claim 4 wh rein said at least on parameter is 
pacemak rrate. 

6. A programming system f r a pacemaker, the 
65 pac maker having a plurality of states charact ristic 



of its operation and being changeable to any on of 
said plurality of states by an external programming 
sourc , said programming system comprising a 
physician-operated prog ram mer for transmitting 

70 signals to said pacemaker to control a change of 
state to any one of said plurality of states, and a 
patient-operated pacemaker programmer in accor- 
dance with any one of the preceding claims. 
7. A programming system for a pacemaker, said 

75 pacemaker having at least one parameter charac- 
teristic of its operation whose value can be changed 
by an external programming source, said parameter 
being changeable to any one of a predetermined 
numberof discrete values, said programming sys- 

80 tem including a physician-operated programmer for 
transmitting signals to said pacemaker, said 
physician-operated programmer having manually 
adjustable means for controlling the changing of 
said parameter to any selected value of said pre- 

85 determined number of discrete values, said prog- 
ramming system further including a patient- 
operated programmer for transmitting signals to 
said pacemaker, having manually adjustable means 
for controlling the changing of said parameter to any 

90 selected value of a group, smaller than said pre- 
determined number, of discrete values, whereby a 
patient can control his pacemaker to change to a 
state selected from a sub-set of the set of states 
under control of the physician. 

95 8. A pacemaker programming system in accor- 
dance with claim 7 wherein said patient-operated 
programmer includes means, normally under con- 
trol of a physician, for pre-selecting those parameter 
values in said predetermined numberof discrete 
100 values which are included in said group, whereby a 
physician can pre-select those states in the set under 
his control which are included in the sub-set under 
control of the patient. 

9. A pacemaker programming system in accor- 

1 05 dance with claim 8 wherein said parameter is pacing 
rate. 

10. A pacemaker programming system in accor- 
dance with any one of claims 6 to 9 wherein said 
manually adjustable means in said patient-operated 

110 programmer has a group of indicia associated 

therewith which, instead of representing respective 
discrete parameter values, represent day-to-day 
physiological requirements of the patient. 

11. A pacemaker programming system in accor- 
1 1 5 dance with any one of claims 6 to 1 0 wherein said 

patient-operated programmer further includes 
means for providing a verifying indication to said 
patient that signals have been transmitted. 

12. A programming system for a pacemaker, said 
120 pacemaker having at least two parameters charac- 
teristic of its operation whose values can be changed 
by an external programming source, each of said 
paramet rs being changeable to respective discrete 
values, said programming system including a 

125 physician-operated pr grammar for transmitting 
signals to said pacemaker, said physician-operated 
programmer having manually adjustabi means f r 
controlling the changing f each of said parameters 
to a selected on f the respectiv discrete values, 

130 said programming system further including a 
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patient-operated programmer for transmitting sign- 
als to said pacemaker for contr lling th changing of 
less than all of said parameters, having manually 
adjustable means for controlling the changing of 

5 each changeable parameter to a selectable one of 
the respective discrete values, whereby a patient can 
control his pacemaker to change to a state selected 
from a sub-set of the set of states under control of 
the physician. 

10 1 3. A pacemaker programming system in accor- 
dance with claim 12 wherein said patient-operated 
programmer includes means, normally under the 
control of a physician, for pre-selecting those states 
in the set under his control which are included in the 

1 5 sub-set under control of the patient. 

14. A pacemaker programming system in accor- 
dance with claim 1 2 or 13 wherein said parameters 
include at least pacing rate and mode of operation, 
and said patient-operated prog rammer transmits 

20 signals for changing the pacemaker rate but not the 
pacemaker mode of operation. 

1 5. A pacemaker programming system in accor- 
dance with claim 14 wherein said physician- 
operated programmer can control the changing of 

25 pacemaker rateto any value of a predetermined 
number of values, and said patient-operated prog- 
rammer can control the changing of pacemaker rate 
to less than all of said predetermined number of val- 
ues. 

30 1 6. A pacemaker programming system in accor- 
dance with claim 1 5 wherein said means in said 
patient-operated pragrammer, normally under the 
control of the physician, allows the physician to pre- 
select those pacemaker rates which can be control- 

35 led by said patient programmer. 

17. A pacemaker programming system in accor- 
dance with any one of claims 1 2 to 1 6 wherein said 
manually adjustable means in said patient-operated 
programmer has a group of indicia associated 

40 therewith which, instead of representing respective 
discrete parameter values, represent day-to-day 
physiological requirements of the patient. 

18. A pacemaker programming system in accor- 
dance with any one of claims 12 to 17 wherein said 

45 patient-operated prog rammer further includes 
means for providing a verifying indication to said 
patient that signals have been transmitted. 

1 9. A programming system for a pacemaker, said 
pacemaker having at least two parameters charac- 

50 teristic of its operation whose values can be changed 
by an external programming source, each of said 
parameters being changeable to any one of a pre- 
determined number of respective discrete values, 
said programming system including a physician- 

55 operated prog rammer for transmitting signals to 
said pacemaker, said physician-operated program- 
mer having manually adjustable m ans for control- 
ling the changing of each of said parameters to any 
selected value of said predetermined numb r of 

60 r spective discrete values, said programming sys- 
tem further including a patient-op erat d program- 
mer for transmitting signals to said pacemaker for 
contr lling the changing of less than all of said 
parameters, having manually adjustable means for 

65 controlling the changing of each changeable para- 



meter to any seleceted value of a respective group, 
smaller than said respective predet rmined number, 
f discrete values, whereby a patient can control his 
pacemaker to change to a state selected from a sub- 
70 set of the set of states under control of the physician. 

20. A pacemaker programming system in accor- 
dance with claim 19 wherein said patient-operated 
programmer includes means, normally under the 
control of a physician, for pre-selecting for each 

75 changeable parameter those values in said pre- 
determined number of respective discrete values 
which are included in said respective group, 
whereby a physician can p re-select those states in 
the set under his control which are included in the 

80 sub-set under control of the patient. 

21. A pacemaker programming system in accor- 
dance with claim 20 wherein pacing rate is a 
patient-operated programmer changeable parame- 
ter. 

85 22. A pacemaker programming system in accor- 
dance with claim 19, 20 or 21 wherein said manually 
adjustable means in said patient-operated prog- 
rammer has a group of indicia associated therewith 
which, instead of representing respective discrete 

90 parameter values, represent day-to-day physiologi- 
cal requirements of the patient. 

23. A pacemaker program ming system in accor- 
dance with any one of claims 1 9 to 22 wherein said 
patient-operated programmer further includes 

95 means for providing a verifying indication to said 
patient that signals have been transmitted. 

24. A programming system for a pacemaker, said 
pacemaker having at least two parameters charac- 
teristic of its operation whose values can be changed 

100 by an external programming source, each of said 
parameters being changeable to respective associ- 
ated values, said programming system including a 
physician-operated prog rammer for transmitting 
signals to said pacemaker, said physician-operated 

105 programmer having manually adjustable means for 
controlling the changing of each of said parameters 
to any of the respective associated values, said prog- 
ramming system further including a patient- 
operated programmer for transmitting signals to 

1 10 said pacemaker for controlling the changing of less 
than all of said parameters, having manually adjust- 
able means for controlling the changing of each 
changeable parameter to less than all of the respec- 
tive associated values. 

115 25. A pacemaker programming system in accor- 
dance with claim 24 wherein said patient-operated 
programmer includes means, normally under the 
control of a physician, for pre-selecting for each 
changeable parameter those of the respective 

120 associated values which can be changed by the 
patient-operated programmer. 

26. A pacemaker programming system in accor- 
dance with claim 24 or 25 wherein pacing rate is a 
patient-operated programmer changeable parame- 

125 ter. 

27. A pacemaker programming system in acc r- 
dance with claim 24, 25 or 26 wherein said manually 
adjustable means in said patient-operated prog- 
rammer has a group of indicia associated ther with 

130 which, instead of repres nting respective parameter 



values, represent day-to-day physiological require- 
ments of the patient. 

28. Apati nt-operated pacemaker programmer, 
or a pacemaker programming syst m including 
5 same, substantially as hereinbefore described with 
reference to any of Figures 5 to 1 2, or any of Figures 
5 to 7 when modified by Figure 1 3, of the accom- 
panying drawings. 
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